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TITLE OF THE INVENTION 



COMBINED DVD/CD DATA PROCESSOR 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

5 The present invention relates to a DVD/CD player, and more particularly, to a 

combined DVD/CD data processor for use in the DVD/CD player. 

2. Description of the Related Art 

A DVD (Digital Video Disk) player includes optical and servo systems of which 
4? functions and structures are similar to those used in a CD (Compact Disk) player. Therefore, 
W in order to offer convenience to a user, there has been a demand for a DVD player 
u compatible with the CD player. 

^ FIG. 1 illustrates a schematic block diagram of a combined DVD and CD player 

UJ according to the state of the art. As illustrated, a spindle motor 12 rotates a disk 10 which is 
g a DVD or a CD. An optical pickup 14 reads an RF (Radio Frequency) signal from the disk 
jS 10, and an RF amplifier 16 converts the RF signal read by the pickup 14 into a pulse stream, 
u to generate an EFM (Eight to Fourteen Modulated) signal. A microprocessor 20 sets the 
S DVD/CD player to a DVD mode or a CD mode, according to lead-in information received 

from the RF amplifier 16. A data processor 18 processes the EFM signal according to the set 

operation mode. 

20 FIG. 2 illustrates the data processor 18 according to the prior art. In operation, the 

EFM signal is applied in common to a phase locked loop (hereinafter, referred to as PLL)24, 
a DVD data processor 26, and a CD data processor 38. The PLL 24 generates a PLL clock 
in synchronism with the EFM signal. The PLL clock is used for reproducing data recorded 
on the disk 10. 

25 If the microprocessor 20 sets the DVD/CD player to the DVD or the CD mode 

according to the lead-in information, one of the DVD data processor 26 and the CD data 
processor 38 is selectively driven. 



The DVD data processor 26 includes a frame/ID (Identification) synchronization 
detector 28, an EFM + (Eight to Fourteen Modulation Plus) demodulator 30, an RS (Reed- 
Solomon) decoder 34, an external memory 32, and a descrambler 36. The frame/ID 
synchronization detector 28 detects a synchronization pattern from the EFM signal to 

5 generate a symbol clock to the EFM+ demodulator 30. The EFM+ demodulator 30 EFM + 
demodulates the EFM signal according to the symbol clock, and stores the demodulated data 
into the external memory 32. If the demodulated data stored in the external memory 32 
becomes as large as an ECC (Error Checking and Correction) block size, the RS decoder 34 
reads the demodulated data with the ECC block size and RS-decodes it to correct errors of 

10 the data. The error corrected data is stored back into the external memory 32. The 
descrambler 36 reads the error corrected data stored in the external memory 32 to 

^ descramble the read data and provide the same to an external AT API (AT Attachment Packet 

M Interface). Here, in case the DVD/CD player is set to the DVD mode, the descrambled 

u (output) data is applied to an AV (Audio-Visual) decoder. 

f§ The CD data processor 38 includes a frame/ID synchronization detector 40, an EFM 

UJ demodulator 42, an internal memory 44, a deinterleaver 46, a CIRC (Cross Interleave Reed 
rj Solomon Code) decoder 48, and an audio processor 50. The frame/ID synchronization 

detector 40 detects the synchronization pattern from the EFM signal to generate a symbol 
P clock to the EFM demodulator 42. The EFM demodulator 42 EMF-demodulates the EFM 
M signal according to the symbol clock. The demodulated data is deinterleaved by the 
deinterleaver 46 and stored into the internal memory 44. If the demodulated and 
deinterleaved data stored in the internal memory 44 reaches a predetermined size, the CIRC 
decoder 48 reads the demodulated data from the internal memory 44 and CIRC-decodes it to 
correct errors of the data. The audio processor 50 processes the error corrected data. 
25 As described above, the conventional DVD/CD player includes the DVD data 

processor 26 and the CD data processor 38 separately, and drives one of them according to 
the set operation mode, which results into an increase of the complexity of the device, as 
well as the manufacturing cost. 
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SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide a combined DVD and CD 
data processor for use in a DVD/CD player. 

Additional objects and advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be 
learned by practice of the invention. 

To achieve the above and other objects and advantages of the present invention, there 
is provided a combined DVD/CD data processor used in a DVD/CD player. The DVD/CD 
data processor includes a PLL to receive a pulse stream input to generate a PLL clock; a 
frame/ID synchronization detector to latch the pulse stream according to the PLL clock, to 
generate a symbol clock; a demodulator to EFM+ demodulate the pulse stream according to 
the symbol clock in a DVD mode, and to EFM demodulate the pulse stream according to the 
symbol clock in a CD mode; a memory to store the demodulated data; an ECC demodulator 
to error-correct the demodulated data stored in the memory according to a predetermined 
code length and error correction range, the predetermined code length and error correction 
range having different values in the DVD and CD modes; a descrambler to descramble the 
error corrected data stored in the memory, in the DVD mode; and a CD audio processor to 
process the error corrected data stored in the memory, in the CD mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and advantages of the present invention will become more 
apparent by describing in detail a preferred embodiment thereof, with reference to the 
attached drawings in which: 

FIG. 1 is a schematic block diagram of a general DVD/CD player; 

FIG. 2 is a detailed block diagram of a data processor of FIG. 1 according to the 
prior art; 

FIG. 3 is a detailed block diagram of a data processor according to an embodiment of 
the present invention; 

FIGS. 4 and 5 are diagrams illustrating memory maps of an external memory of FIG. 
3 according to the embodiment of the present invention; and 



FIG. 6 is a detailed block diagram of an ECC decoder shown in FIG. 3 according to 
the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

A preferred embodiment of the present invention will be described in detail, and it 
5 should be noted that like reference numerals denote the same components, and a detailed 
description of known function and structure of the present invention will be avoided if it is 
deemed to obscure the subject matter of the present invention. 

A combined DVD/CD data processor according to the present invention is applicable 
to the DVD/CD player shown in FIG. 1, and the microprocessor 20 provides the DVD/CD 
10 data processor (the data processor 18 in FIG. 1) with mode setting information for setting the 
5 DVD or CD mode. 

M Referring to FIG. 3, the DVD/CD data processor according to an embodiment of the 

u present invention includes a PLL 52, a frame/ID synchronization detector 54, an 
1; EFM/EFM+ demodulator 56, an external memory 58 including a DRAM (dynamic random 
i§ access memory), a descrambler 60, an ECC decoder 62, and a CD audio processor 64. 
□ The PLL 52 receives the EFM signal from the RF amplifier 16 to generate a PLL 

r; clock for restoring data, in synchronism with the received EFM signal. The frame/ID 
O synchronization detector 54 latches the EFM signal according to the PLL clock, and detects 
ft\ frame synchronization and ID synchronization signals to generate a symbol clock. The 
20 EFM/EFM+ demodulator 56 selectively performs EFM or EFM+ demodulation according 
to the mode setting information generated from the microprocessor 20. That is, if the mode 
setting information indicates the DVD mode (the microprocessor 20 controls the combined 
DVD/CD data processor to set the DVD/CD player to a DVD mode or a CD mode 
according to lead-in information received from the RF amplifier 16 and provides the mode 
25 setting information for the EFM/EFM+ demodulator 56, the ECC decoder 62 and the CD 
audio processor 64), the EFM/EFM+ demodulator 56 EFM+ demodulates the EFM signal 
according to the symbol clock. On the contrary, if the mode setting information indicates the 
CD mode, the EFM/EFM + demodulator 56 EFM demodulates the EFM signal according to 
the symbol clock. Such demodulated data is stored into the external memory 58. 
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The external memory 58 has a memory map as shown in FIGs. 4 and 5. In the DVD 
mode, the external memory 58 has 13 ECC blocks each having 32.25-Kbytes to store 13 
ECC blocks, as shown in FIG. 4. The external memory 58 is configured to provide a VBR 
(Variable Bit Rate) control margin for interfacing VBR coded AV data with an AV decoder 
5 (not shown). In the CD mode, a specified part, i.e., 32bytes x 256 frames, of the external 
memory 58 is used, as shown in FIG. 5. 

Referring back to FIG. 3, the ECC decoder 62 reads and corrects the data stored in 
the external memory 58 according to the mode setting information. The ECC decoder 62 has 
a construction as shown in FIG. 6. 
10 Referring to FIG. 6, the ECC decoder 62 includes a syndrome generator 66, a 

modified syndrome calculator 68, an erasure constant generator 70, a modified Euclidean 
algorithm 72, a Chien search and error correction circuit 74. 
M In the DVD mode, the syndrome generator 66 sets a code length and a correction 

f7 range to PI(182,172), PO(208,192) and thereafter, receives data from the external memory 
fS 58 to generate a syndrome polynomial S(X). In the CD mode, the syndrome generator 66 
UJ sets the code length and correction range to Cl(32,28), C2(28,24) and thereafter, receives 
}~ the data from the external memory 58 to generate the syndrome polynomial S(X). The 

generated syndrome polynomial S(X) is applied to the modified syndrome calculator 68. The 
u erasure constant generator 70 is provided with an erasure flag to generate an erasure constant 
a k to the modified syndrome calculator 68. The modified syndrome calculator 68 receives the 
syndrome polynomial S(X) and the erasure constant a k to calculate a Forney syndrome 
polynomial T(X) and an erasure locator polynomial E(X). The calculated Forney syndrome 
polynomial T(X) and erasure locator polynomial E(X) are applied to the modified Euclidean 
algorithm 72. The modified Euclidean algorithm 72 processes the Forney syndrome 
25 polynomial T(X) and the erasure locator polynomial E(X) based on the modified Euclidean 
algorithm, to generate an errata locator polynomial W(X) and an errata evaluator polynomial 
A(X). The Chien search and error correction circuit 74 receives the errata locator polynomial 
W(X) and the errata evaluator polynomial A(X) to correct errors of the corresponding data 
and store the error corrected data back into the external memory 58. 
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Since the primitive polynomials for error-correcting the DVD data and the CD data 
are the same to each other, it is possible to correct the DVD and CD data by controlling only 
the data received from the syndrome generator 66, with use of the single ECC decoder 62. 
The primitive polynomial P(X) is represented by: 

P(X)=x 8 +x 4 +x 3 +x 2 +l (1) 

That is, the primitive polynomials for correcting the DVD and CD data are the same 
to equation (1), and merely, the code lengths and correction ranges of the DVD and CD data 
to be error-corrected are different from each other. Therefore, by simply controlling the code 
length and the correction range of the input data according to the set mode, it is possible to 
correct errors of the DVD and CD data through the use of the single ECC decoder 62. 

Referring again to FIG. 3, in the case that the DVD/CD player is set to the DVD 
mode, the descrambler 60 is enabled to descramble the error corrected data stored in the 
external memory 58 and provide the descrambled output data to the ATAPI (not shown) or 
the AV decoder (not shown). 

In case the DVD/CD player in set to the CD mode, the CD audio processor 64 is 
enabled to processes the error corrected data stored in the external memory 58. 

As can be appreciated from the foregoing, the DVD/CD data processor according to 
the present invention includes a single ECC decoder for correcting both the DVD and CD 
data, and a single external memory. Therefore, the DVD/CD data processor is simple in 
structure, thereby resulting in a decrease of the manufacturing cost. 

While the invention has been shown and described with reference to certain preferred 
embodiments thereof, it will be understood by those skilled in the art that various changes in 
form and details may be made therein without departing from the spirit and scope of the 
invention as defined by the appended claims. 



CLAIMS 

What is claimed is: 



1 1 . A combined DVD (Digital Video Disk)/CD (Compact Disk) data processor to 

2 process a pulse stream of data from a DVD or a CD, comprising: 

3 a PLL (Phase Locked Loop) to receive the pulse stream, to generate a PLL clock; 

4 a frame/ID (identification) synchronization detector to latch the pulse stream 

5 according to said PLL clock, to generate a symbol clock; 

6 a demodulator to EFM+ demodulate the pulse stream according to the symbol clock 

7 in a DVD mode, and EFM demodulate the pulse stream according to the symbol clock in a 

8 CD mode, to generate demodulated data; 

5 a memory to store the demodulated data from said demodulator; 

W an ECC (error checking and correction) demodulator to error-correct the demodulated 

££ data stored in said memory according to a predetermined code length and error correction 

fl range, the predetermined code length and error correction range having different values in 

13 the DVD and CD modes, to generate error corrected data; 

H a descrambler to descramble the error corrected data stored in said memory, in the 

f§ DVD mode; and 

IB a CD audio processor to process the error corrected data stored in said memory, in 

jj the CD mode. 

1 2. The combined DVD/CD data processor as claimed in claim 1, wherein the 

2 predetermined code word and correction range in the DVD mode are PI(182,172), 

3 PO(208,192), and the predetermined code word and correction range in the CD mode are 

4 Cl(32,28), C2(28,24). 
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1 3. The combined DVD/CD data processor as claimed in claim 2, wherein said 

2 ECC demodulator comprises: 

3 a syndrome generator to receive said demodulated data from said memory to generate 

4 a syndrome polynomial according to said code length and correction range of PI(182,172), 

5 PO(208,192) in the DVD mode, and of Cl(32,28), C2(28,24) in the CD mode; 

6 an erasure constant generator to receive an erasure flag to generate an erasure 

7 constant; 

8 a modified syndrome calculator to receive the syndrome polynomial and the erasure 

9 constant to calculate a modified syndrome and generate a Forney syndrome polynomial and 

10 an erasure polynomial; 

11 a modified Euclidean algorithm to process the Forney syndrome polynomial and the 
M erasure polynomial based on a modified Euclidean algorithm, to generate an errata locator 
f£ polynomial and an errata evaluator polynomial; and 

S a Chien search and error correction circuit to correct errors of the demodulated data 

1^ stored in said memory according to said errata locator polynomial and said errata evaluator 

16 polynomial. 

j^J 4. The combined DVD/CD data processor as claimed in claim 1, wherein said 

□ memory is an external memory. 

1 5. The combined DVD/CD processor as claimed in claim 1, wherein said 

2 memory has a first memory map including a plurality of blocks of the error corrected data 

3 each having a first fixed number of bytes in the DVD mode, and a second memory map 

4 including a plurality of frames of the error corrected data each having a second fixed number 

5 of bytes in the CD mode. 

1 6. The combined DVD/CD processor as claimed in claim 5, wherein: 

2 the plurality of blocks is 13; 

3 the first fixed number of bytes is 32.25Kbytes; 

4 the plurality of frames is 256; and 

5 the second fixed number of bytes is 32bytes. 



8 



1 7. A combined DVD (Digital Video Disk)/CD (Compact Disk) data processor to 

2 process first and second pulse streams from a DVD and a CD, respectively, comprising: 

3 a PLL (Phase Locked Loop) to receive the first and second pulse streams, to 

4 generate respective first and second PLL clocks; 

5 a frame/ID (identification) synchronization detector to latch the first and second pulse 

6 streams according to the respective first and second PLL clocks, to generate respective first 

7 and second symbol clocks; 

8 a demodulator to perform a first type of demodulation on the first pulse stream 

9 according to the first symbol clock to generate first demodulated data of a DVD mode, and a 

10 second type of demodulation on the second pulse stream according to the second symbol 

11 clock to generate second demodulated data of a CD mode; 

@ a memory to store the first and second demodulated data; and 

1^ an ECC (error checking and correction) demodulator to error correct the first 

if demodulated data stored in said memory in accordance with a first predetermined code length 

f§ and error correction range and to store the error corrected first demodulated data back in said 

W memory, and to error correct the second demodulated data stored in said memory in 

H accordance with a second predetermined code length and error correction range and to store 

f§ the error corrected second demodulated data back in said memory. 

f% 8. The combined DVD/CD data processor as claimed in claim 7, wherein said 

2 memory comprises: 

3 a first memory map to store the error corrected second demodulated data; and 

4 a second memory map different from the first memory map, to store the error 

5 corrected second demodulated data. 

1 9. The combined DVD/CD data processor as claimed in claim 8, wherein said 

2 first memory map provides a VBR (variable bit rate) control margin to interface the error 

3 corrected first demodulated data with an audio/video decoder. 
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1 10. The combined DVD/CD data processor as claimed in claim 7, wherein said 

2 ECC demodulator comprises: 

3 a syndrome generator to generate syndrome polynomials from the first and second 

4 demodulated data stored in said memory in accordance with the corresponding first and 

5 second code lengths and corresponding first and second correction ranges; 

6 an erasure constant generator to generate first and second erasure constants from 

7 corresponding first and second erasure flags; 

8 a modified syndrome calculator to generate first and second Forney syndrome 

9 polynomials and first and second erasure polynomials from the corresponding first and 

10 second erasure constants and the corresponding syndrome polynomials; 

11 a modified Euclidean algorithm to process the first and second Forney syndrome 
M polynomials with the corresponding first and second erasure polynomials, to generate 

corresponding first and second errata locator polynomials and corresponding first and second 

13 errata evaluator polynomials; and 

iS a Chien search and error correction unit to correct errors of the first and second 

W demodulated data stored in said memory according to the corresponding first and second 

fef errata locator polynomials and the corresponding first and second errata evaluator 

J8 polynomials. 

fg 11. The combined DVD/CD data processor as claimed in claim 7, further 

2 comprising: 

3 a descrambler to descramble the error corrected first demodulated data stored in said 

4 memory for use with an audio/video decoder; and 

5 an audio processor to audio process the error corrected second demodulated data 

6 stored in said memory. 

1 12. A combined DVD (Digital Video Disk)/CD (Compact Disk) data processor to 

2 process first and second pulse streams from a DVD and a CD, respectively, comprising: 

3 a demodulator to demodulate the first and second pulse streams in a DVD mode and a 

4 CD mode, respectively, to generate first and second demodulated data, respectively; 

5 a memory to store the first and second demodulated data; and 
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6 an ECC (error checking and correction) demodulator to error correct the first 

7 demodulated data stored in said memory in accordance with a first predetermined code length 

8 and error correction range in the DVD mode, and to error correct the second demodulated 

9 data stored in said memory in accordance with a second predetermined code length and error 
10 correction range in the CD mode. 

1 13. The combined DVD/CD data processor as claimed in claim 12, wherein said 

2 memory stores the error corrected first demodulated data output from said ECC demodulator 

3 in a first memory map, and the error corrected second demodulated data output from said 

4 ECC demodulator in a second memory map different from the first memory map. 

4j 14. The combined DVD/CD data processor as claimed in claim 12, further 

comprising: 

5 a descrambler to descramble the error corrected first demodulated data stored in said 
L -4 memory for use with an audio/ video decoder; and 

i§ an audio processor to audio process the error corrected second demodulated data 

g6 stored in said memory. 

□ 15. The combined DVD/CD data processor as claimed in claim 12, further 

3 comprising: 

3 a PLL (Phase Locked Loop) to receive the first and second pulse streams, to 

4 generate respective first and second PLL clocks; and 

5 a frame/ID (identification) synchronization detector to latch the first and second pulse 

6 streams according to the respective first and second PLL clocks, to generate respective first 

7 and second symbol clocks; 

8 wherein said demodulator performs a first type of demodulation on the first pulse 

9 stream according to the first symbol clock to generate the first demodulated data in the DVD 

10 mode, and a second type of demodulation on the second pulse stream according to the second 

11 symbol clock to generate the second demodulated data in the CD mode. 
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1 16. A combined DVD (Digital Video Disk)/CD (Compact Disk) data processor to 

2 process first and second pulse streams from a DVD and a CD, respectively, comprising: 

3 a demodulator to demodulate the first and second pulse streams in a DVD mode and a 

4 CD mode, respectively, to generate first and second demodulated data, respectively; 

5 a single external memory to store the first and second demodulated data; and 

6 a single ECC (error checking and correction) demodulator to error correct the first 

7 and second demodulated data stored in said memory. 

1 17. The combined DVD/CD as claimed in claim 16, wherein said single ECC 

2 demodulator error corrects the first and second demodulated data stored in said memory in 

3 accordance with corresponding different code lengths and correction ranges. 

ft 18. The combined DVD/CD data processor as claimed in claim 16, further 

2 comprising: 

^ a descrambler to descramble the error corrected first demodulated data for use with an 

Uf audio/video decoder; and 

?§ an audio processor to audio process the error corrected second demodulated data. 

Q 19. The combined DVD/CD data processor as claimed in claim 16, further 

f2 comprising: 

3 a PLL (Phase Locked Loop) to receive the first and second pulse streams, to 

4 generate respective first and second PLL clocks; and 

5 a frame/ID (identification) synchronization detector to latch the first and second pulse 

6 streams according to the respective first and second PLL clocks, to generate respective first 

7 and second symbol clocks; 

8 wherein said demodulator performs a first type of demodulation on the first pulse 

9 stream according to the first symbol clock to generate the first demodulated data in a DVD 

10 mode, and a second type of demodulation on the second pulse stream according to the second 

11 symbol clock to generate the second demodulated data in a CD mode. 
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ABSTRACT OF THE DISCLOSURE 

A combined DVD/CD (Digital Video Disk/Compact Disk) data processor used in a 
DVD/CD player. The DVD/CD data processor includes a PLL (Phase Locked Loop) to 
receive a pulse stream input to generate a PLL clock; a frame/ID synchronization detector to 
latch the pulse stream according to the PLL clock, to generate a symbol clock; a 
demodulator to EFM+ demodulate the pulse stream according to the symbol clock in a DVD 
mode, and EFM demodulate the pulse stream according to the symbol clock in a CD mode; 
an ECC demodulator to error-correct input data according to a predetermined code length 
and error correction range, the predetermined code length and error correction range having 
different values in the DVD and CD modes; a memory to store the demodulated data to 
provide the ECC demodulator with the demodulated data stored therein; a descrambler to 
descramble the error corrected data stored in the memory, in the DVD mode; and a CD 
audio processor to process the error corrected data stored in the memory, in the CD mode. 
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UNITED STATES 



Docket No. : 



COMBINED DECLARATION/POWER OF ATTORNEY FOR UTILITY/DESIGN PATENT APPLICATION 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe that I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the 
invention entitled: 

COMBINED DVD/CD DATA PROCESSOR 



the specification of which is attached hereto unless the box is checked 
□ was f i L ed on 
Number 



as United States Application Number or PCT International Application 

„ and was amended on __ (if applicable). 

I hereby state that I have reviewed and understand the contents of the above- identified specification, including the claims. 



as amended by any amendment referred to above 

I acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR § 1.56. 
I hereby claim foreign priority benefit(s) under 35 U.S.C. § 119(a)-(d) or § 365(b) of any foreign appl ication(s) for 
or inventor's certificate listed below and have also identified below any foreign appl ication(s) for patent or inv< 
certificate having a filing date before that of the application on which priority is claimed. 

Prior Foreign Appl i cat ion(s) Priority Not Claimed 



patent 
nventor's 



1997-43697 



Korea 



30 August, 1997 



(Number) 



(Country) 



Day/Month/Year Filed 



□ 



□ 



(Number) (Country) Day/Month/Year Filed 

s I hereby claim the benefit under 35 U.S.C. § 120 of any United States appl i cat ion(s), or § 365(c) of any PCT International 
^application designating the United States, listed below and, insofar as the subject matter of each of the claims of this 
^application is not disclosed in the prior United States or PCT International appl i cat ion(s) in the manner provided by the 
.first paragraph of 35 U.S.C. § 112, I acknowledge the duty to disclose information which is material to patentability as 
s defined in 37 CFR § 1.56 which became available between the filing date of the prior application and the national or PCT 
i International filing date of this application. 



'(Application Serial No.) 



(Fi ling Date) 



(Status -- patented, pending, abandoned) 



^(Application Serial No.) 



(Fi ling Date) 



(Status -- patented, pending, abandoned) 



^1 hereby appoint the following attorneys and agent to prosecute this application and to transact all business in the Patent 
=?and Trademark Office connected therewith: 

='James D. Halsey, Jr., 22,729; Harry John Staas, 22,010; David M. Pitcher, 25,908; John C. Garvey, 28,607; J. Randall Beckers, 
^30,358; James H. Marsh, Jr., 24,533; William F. Herbert, 31,024; Richard A. Gollhofer, 31,106; Mark J. Henry, 36,162; Paul F. 
^Daebeler, 35,852; Gene M. Garner II, 34,172; Ilene D. Altman, 36,371; Michael D. Stein, 37,240; Paul I. Kravetz, 35,230; 
^Gerald P. Joyce, III, 37,648; Todd E. Marlette, 35,269; Beverly A. Pawlikowski, 36,404; Harlan B. Williams, Jr., 34,756; 
iRichard J. Stokey, 40,383 and William M. Schertler, 35,348 (agent) 

lAddress all correspondence to: STAAS & HALSEY, 700 Eleventh Street, N.W., Suite 500, Washington, D.C., 20001 
'Direct all telephone calls to: (202) 434-1500 

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 18 U.S.C. §1001, and that such willful 
false statements may jeopardize the validity of the application or any patent issued thereon. 

Full name of sole or first inventor 

Inventor's Signature 

Residence Seoul, Korea 



Hoon-Soon CHOI 



stU^W. Sh^i* Cl\^j 



Date 31 July 1998 

Citizenship KOREA 



Post Office Address 



No. 15, Myongi l-dong, Kangdong-gu. Seoul. Korea 



Full name of second joint inventor, if any 

Second Inventor's Signature Date 

Residence Citizenship 

Post Office Address , 



Add itional inventors are being named on separately numbered sheets attached hereto. 



